Abstract
overall communication cost. LEACH uses a method that increments probability of all nodes in a cluster to become a head in a fair way. By using below equation (1) , the node with the highest probability will be selected as a header in each round. (1) Where, i is an identifier of a node, t is time, N is total number of nodes, k is the number of a clusterhead, and r is a header selection period or a round. Merit of LEACH is to enable the network duration period to be m aximized by equalizing energy consumption among all sensor nod es. However, this approach has difficulties in a practical application since it is based only on p robability. I n other cluster-header selection algorithm, LEACH-C, EACHS, and HEED are available, and in LEACH-C, a cluster-head is selected directly by BS. Selection method is the same as that for original LEACH. With its merit, the number of a cluster-heads can be ensured, but the unit price of a sensor node goes high together with additional energy consumption since BS n eeds an equipment like GPS to obtain information of each node. EACHS i s a modification of LEACH's random cluster-head selection algorithm by synthetically considering two additional parameters including the remaining energy level and the dissipated energy level for each node. Since evenly distributes energy-usage among the nodes in the network, EACHS cluster-head selection saves communication energy of sensor nodes, thus increase the lifetime and quality of the whole network. However, in order to accomplish it, energy of all nodes should be id entified through messages, which requires addi tional overhead and consumes more energy by that quantity. HEED is a hybrid app roach where cluste r heads ar e probabilistically selected based on their residual energy, and member nodes join clusters such that communication cost is minimized. HEED selects a cluster-head by using only internal remaining energy information of node, without knowing residual energy of al l other nodes. A cl uster-head will be selected when probability becomes 1 with two times increment by calculating a probability value resulted from the equation (2) . HEED terminates upon carrying out particular numbers of repetition by using internal remaining energy information.
Remaining energy can be estimated since cluster selection is based on the remaining energy in each node and energy consumption per second is known in general. Bes ides, the ot her factor to be considered additionally is the communication cost. HEED considers the following factors as t he communication cost.
. In the Table 1 , node degree indicates the number of cluster members that can be used. It is difficult to ensure the number of cluster-heads because above communication cost produces the probability with the identical value. acknowledge a quantity of energy and HEED has no guarantee on the number of cluster-heads. This paper proposes to solve this issue suggesting a method of using only self-information to save cost for equipment or overhead messages and usin g a selection algorithm that takes into account the op timal number of a cluster-heads to improve its performance.
1 Optimal Number of Cluster Heads
The issue of optimizing the number of cluster heads in wireless sensor networks has been studied by many researchers from different perspectives. In physical layer, a method to design the number of cluster heads at the point of electric wave was discussed [6] . A conclusion of a research [7] has been reported that the more number of clusters the better, since more cluster heads makes the shorter distance between cluster heads as well as other nodes. In MAC layer, a method [8] that saves energy by reducing the average possibility for common node to become a cluster head has been discussed. It utilized a decreased number of nodes per cluster head by making more cluster heads.
Since it needs the result from an actual measurement of cluster heads, this paper utilized the optimal number of cluster heads measured at [9] .
Based on measurements of the result from the equation (3), [9] concludes that the optimal number of cluster heads relates with the distance between BS.
Description of EECHS
EECHS to so lve the e fficient energy utilization issue i n the cl uster based sensor network. In a cluster based netw ork, where a cluster head finally sends data to BS the most important thing is the distance between them. The longer the distance to transmit, the more energy is consumed, and it affects the number of cluster heads.
Therefore, in order to ensure the optimal number of cluster heads and to reduce energy consumption, we define the communication cost as th e distance between header and BS. In order to assign probability according to the distance between a node and BS, the communication cost can be calculated through equation (4) by using BS received time considering that distance is proportionate to time.
Cost = 1/t (t=BS received time(s))
For the final cluster head selection, the probability formula is denoted in the below equation (5) . The node with the biggest probability value will be selected as a cluster head out of all member nodes in a given cluster.
As can be seen from Algorithm 1, EECHS consists of two stages, the initial stage and the probability calculating stage.
In the initial stage, hello packet is broadcasted from row (1), row (2) measures the distance between nodes with the received time and then defines this value as Cost, and retains the self-information value. Row (3) sets the probability formula, while row (4) and (5) initialize parameters to identify cluster heads and cluster. In t he probability calculation stage, repeat algorithm until the probability value becomes 1. If a cluster head is yet selected in row (2), calculate probability value of each node in row (3), and if the calculated probability value comes up 1 in row (4), the cluster head is selected in rows (5), (6) and (7), if the calculated probability value doesn't come up 1 and it is not 8 in row (8) , increase the probability value by two times. 
Experiments and Analysis
This paper carried out comprehensive test experiments using the Qualnet 5.1 si mulator to analyze and confirm the efficiency of EECHS performance. As a simulation environment, we used a 1500m x 1500m space with 50 nodes dispersed randomly. We carried out a comparison test on the performance of EECHS with 5 scenarios of the randomly dispersed nodes and with a scenario in a grid fo rm using uniformed dispersion. Figure 1 shows the dispersion of the selected cluster header by the selection algorithm. The selection dispersion of figure 1 (b) HEED shows 7 cluster heads which are concentrated around one area. On the other hand, figure 1 (a) EE CHS shows 10 cluster heads which are evenly dispersed around all area. It indicates that EECHS selection method is better in fair cluster heads distributing. 
Cluster header dispersion

The number of a cluster header
As shown on Figure 2 , HEED hardly ensures the optimal number of a cluster heads. In comparison, the selection algorithm used in this r esearch ensures the number of heads, making 10 as the op timal number of a cluster heads. It enab les to get 8 heads result through the area by [10] and electric wavelength of a nod e. This show s the resulted value that is closer to t he optimal number of cluster head obtained by EECHS that we suggested. Also, from Figure 3 it is clear that the bigger number of Figure 4 demonstrates the throughput analysis graph of two different cluster head selection methods. Figure 4 (a) shows the result of 512 byte data, and figure 4(b) shows the 1024 byte data payload results. EECHS shows better performance on both data densities, which is thought to be the direct result from selecting the proper numbers of heads in spite of changes in scenarios shown as the result of selecting the numbers of heads in paragraph 4.1. Figure 5 shows almost no difference in average total energy consumption. However, EECHS shows more stable energy consumption overall. Energy consumption of member nodes actually participating in transmission is very important. Figure  6 shows the quantity of energy consumption per node. Even with only 30 minutes of the short period of simulation time, two different header select ion methods show e vident difference in ener gy consumption.
Performance Analysis
An 
Results
Through this research we propo se the cluster header selection method that can save e nergy and prolong the life span of a sensor network. EECHS is suggested as an effective method to select cluster heads closer to the optimal number of heads. Selecting of cluster heads is based on the distance between a node and BS thr ough calculation of the optimal number of heads in the cluster based wireless sensor network, which allows efficient energy utilization. Simulation tests demonstrated that EECHS has much more excellent performance both in the throughput and the quantity of energy consumption.
